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Abstract 
In order to study the effects of two kinds of clinoptilolites (Calcic and Potassic) on ruminal parameters, four fistulated 
mature male sheep were used in a change over design as balanced latin square. The formulated diets(contain 60% 
concentrate and 40% forage) include: 1) control, 2)4% Calcic clinoptilolite, 3) control + 4% Potassic clinoptilolite and 4) 
control + 2%Calcic and 2% Potassic clinoptilolite. The experiment was comprised of four periods. Each period included 
adaptation (two weeks) and sampling (one week). Sampling was made from ruminal fluid for measurement of pH, 
ammonia nitrogen, total volatile fatty acids(tVFAs), ruminal cellulolytic and total bacterial population at 0, 3, 6, and 10 
hours after morning feeding. The results showed that Calcic clinoptilolite increased pH, tVFAs and ruminal cellulolytic 
bacterial population significantly (P<0.05), but its effect on total ruminal bacteria was not significant. Calcic clinoptilolite 
also decreased ruminal ammonia nitrogen at 3 hours after feeding, and in general with using of calcic clinoptilolite its 
concentration in ruminal fluid had a lower fluctuation. Effects of potassic clinoptilolite on the mentioned parameters were 
not significant. In general the results indicated that using %4 calcic clinoptilolite changes ruminal parameters for 
increasing animal performance. 
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1. Intoduction 
Zeolites are crystalline, hydrated aluminosilicates of alkali and alkaline earth cations, having infinite, three 
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- dimensional structures. They are further characterized by an ability to lose and gain water reversibly and to 
exchange constituent cations without major change of structur(13) . Clinoptilolite is most abundant natural 
zeolite that was discoverd in 1890(4). Natural zeolites have cation-exchange capacities (CEC) from 2 to 4 
milliequivalents/g(meq/g), about twice the CEC of bentonite clay. However, the cation exchange capabilities 
tend to differ based on which cation is present(13). 
Clinoptilolite was extensively used in animal and poultry diets. The results of experiments show that using 
clinoptilolite in diet can result in increasing of weight gain, decreaseing of digestive disturbances, improving 
of digestibility and utilization of nonprotein-nitrogen. The natural zeolite (clinoptilolite) has a high attraction 
for water and a large number of cations, such as K+, NH4+, Ca2+, and Mg2+, which can be reversibly bound 
or released, depending on the surrounding conditions (13). To reduce the toxic effect of high NH4+ in ruminal 
fluids when nonprotein-nitrogens, such as urea and biuret, are added to animal diets, White and 
Ohlrogge(1974) introduced both synthetic and natural zeolites into the rumen of test animals. NH4+ formed 
by the enzyme decomposition of the nonprotein-nitrogen was exchanged immediately by the zeolite and held 
for several hours until released by Na+ entering the rumen in saliva.  
Several experiments have showed effects of clinoptilolite on animal performance. Hemken et al (1984) and 
Bazanov et al(1982) showed that using of clinoptilolite in animal diet resulted in decreasing of ammonia level 
in rumen and thereby  decreasing of ammonia toxicity. Galindo et al(1990a and b) reported that cellulolytic 
bacteria in rumen increased when zeolite was added to the diet. 
2. Material and Method 
2.1. Animals and Diets 
In this experiment four fistulated mature male sheep were used in a change over design as balanced latin 
square with four periods. The formulated diets include: 1) control (60% concentrate and 40% forage), 
2)control +4% Calcic clinoptilolite, 3) control + 4% Potassic clinoptilolite and 4) control + 2%Calcic and 2% 
Potassic clinoptilolite. The diets contained 40% forage and 60% concentrate (table 1). The sheep were fed at 
6:00 A.M. and 4:00 P.M. Each period included diet adaptation during days 0 to 14 and ruminal fluid sample 
collections during days 15 to 21. Clinoptilolite for this experiment was provided from Iran’s mines (Miane 
and Semnan). There is the chemical composition of two types of clinoptilolite in table 2. 
2.2. Measurement of ruminal parameters  
• Measurement of ruminal pH: Ruminal fluid pH was measured four times, 0, 3, 6 and 10 hours after 
morning meal. 
• Total volatile fatty acid: Total volatile fatty acid was measured according to the method described by 
Korman et al (1967) 0, 3, 6 and 10 hours after morning meal. 
• Ammonia Nitrogen: Ammonia Nitrogen was measured according to the method described by Conway 
(1950) 0, 3, 6 and 10 hours after morning meal. 
• Estimation of total and cellulolytic bacteria population: Rumial bacterial population was measured 0, 
3, 6 and 10 hours after morning meal according to most probable number procedure described by 
Dehority et al(1989).  
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2.3. Statistical Analysis:  
The experimental data were analyzed with using SAS and MINITAB softwares. 
Table 1. Ingredients and chemical composition of the total Mixed diets (DM basis) 
Ingridints                                            Diets (%) 
1 2 3  4 
Alfalfa  34.60 34.60 34.60 34.60 
Wheat straw   5.40  5.40   5.40   5.40 
Barley grain 39.70 38.10 38.10 38.10 
Wheat bran 10.00  9.60   9.60   9.60 
Beet pulp 10.00  9.60   9.60   9.60 
Salt   0.30  0.30   0.30   0.30 
Calcic clinoptilolite   0.00  4.00   0.00   2.00 
Potassic clinoptilolite  0.00  0.00   4.00   0.00 
Metabolizable Energy(mcal/Kg)  2.52  2.40   2.40   2.40 
Crud protein(%) 11.40 11.30 11.30 11.30 
Ca(%)  0.67  0.66   0.66   0.66 
P(%)  0.45  0.42   0.42   0.42 
Table 2. Chemical composition of clinoptilolite 
K2O Na2OMnOP2O5MgOCaOFe2O3Al2O3 SiO2 Item
2.20 2.10 0.400.100.803.101.50 11.50 66.10 Calcic(%)
3.05 3.00 0.400.100.902.301.50 11.50 65.00 Potassic(%)
3. Results and Discussion 
3.1. Ruminal Fluid pH 
The rumen pH levels (table3) at different times after feeding were affected by treatment (P>0.05). At all 
times the highest rumen pH was related to diet 2 and the lowest it was related to diet 1. Diet 3 and 4 didn’t 
have significantly different with each other (P<0.05). Increasing of rumen fluid pH can be related to zeolite 
cation exchange capacity. Clinoptilolite at the acidic environment can exchange its cations with H+ and at this 
case it has buffering role. Jahnson et al (1988) showed that 2% dietary clinoptiolite increased rumen pH in 
lactating cow. Galindo et al (1982) found that adding zeolite to the corn silage diet resulted in more stable pH 
at different times. Hemken et al (1984) showed that dietary clinoptilolite increased fecal pH significantly. The 
diet containing of potassic clinoptilolite made relatively low effect on the rumen pH. This may be due to the 
selective cation exchange property of zeolite. The hydration spheres of high field-strength cations prevent 
their close approach to the seat of charge in the framework; hence, cations of low field strength are generally 
more tightly held and selectively exchanged by the zeolite than other ions (13). 
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3.2. Volatile Fatty Acid(VFA) 
In general, data about VFA showed that this trait increased with adding of calcic clinoptilolite to diet, as 
the highest amount of VFA at all times related to diet 2(table4). Diet 3(containing of potassic clinoptilolite) 
resulted in increasing of VFA, but this increase was not significant.  This increase at VFA may be due to 
higher activity of microorganisms in rumen that can be created by increasing of pH and ammonia nitrogen 
utilization improvement (8, 9). 
 
Table 3. Rumen pH at different times 
Diet                      Time(hour) after morning meal 
0 3 6 10 
1 6.25±0.42 5.83c±0.25 5.95c±0.27 6.21c±0.21 
2 6.50±0.41 6.10a±0.26 6.15a±0.21 6.48a±0.30 
3 6.40±0.34 6.00b±0.19 6.05b±0.29 6.42ab±0.23
4 6.27±0.34 5.98b±0.23 6.05b±0.27 6.36±0.18 
Mean with the same letter are not significantly different. 
 
Table 4. Total amount of Rumen VFAs 
Diet                      Time(hour) after morning meal 
0 3 6 10 
1 257.5±39.5 313.5ab±30.3 286.2b±35.9 237.5±39.5 
2 302.5±35.1 360.0a±35.9 352.5a±70.9 272.5±55.6 
3 285.0±15.0 276.5b±49.9 295.0b±45.1 265.0±50.0 
4 282.0±34.0 352.5ab±66.8 307.5ab±37.7 242.5±49.9 
Mean with the same letter are not significantly different. 
3.3. Ammonia Nitrogen 
The adding of calcic clinoptilolite to diet significantly decreased the amount of the ammonia nitrogen 3 
and 6 hours after feeding significantly(table5) but not at 0 and 10 hours (table5). It is possible that, after the 
release of ammonia consequent to each meal, zeolite absorbs high levels of NH3 concentration in the rumen 
and then releases NH3 when its concentration is reduced (2). NH4+ formed by the enzyme decomposition of 
the nonprotein-nitrogen was exchanged immediately by the zeolite and held for several hours until released by 
Na+ entering the rumen in saliva (13). The effect of potassic clinoptilolite on ammonia nitrogen was lower 
than calcic clinoptilolite. This can be due to the selective cation exchange property of clinoptilolite. Its cation 
selectivity is: Cs > Rb >K >NH4+ > Ba >Sr > Na >Ca.  
Table5. Ammonia nitrogen 
Diet                      Time(hour) after morning meal 
0 3 6 10 
1 65.5±13.7 168.04a±35.5 132.0a±25.7 78.0±24.9 
2 86.0±34.3 109.5c±50.0 103.0b±44.1 92.0±60.2 
3 74.0±45.6 126.0b±37.9 114.5b±36.8 84.5±28.0 
4 81.0±21.0 118.5c±43.7 108.0b±36.2 89.0±26.5 
Mean with the same letter are not significantly different 
3.4. Total and Cellulolytic Bacterial Population 
The total rumen bacterial population about different diets didn’t have significant difference(table6), but 
numerically the calcic clinoptilolite increased it at 0, 6 and 10 hours after the morning meal. Galindo et al 
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(1990) reported that the rumen bacterial population was decreased by the using of clinoptilolite in the diet. In 
that experiment the animals had free access to diet and increasing of feed intake and ruminal dilution rate for 
using clinoptilolite may be the main reason to decreasing of bacterial population. In our experiment the 
animals had limited access to diet and they consumed same amount of diet. 
Dietary calcic clinoptilolite had an increasing effect on cellulolytic rumen bacterial population(table 7). 
This effect was significant(p<0.05) at 3 and 6 hours after the morning meal but it was not significant at 0 and 
10 times. The potassic clinoptilolite did not have significant effect on this trait. This increase can be due to 
high rumen pH in the sheep that consumed calcic clinoptilolite. Survival rates of cellulolytic bacteria decrease 
when pH drops to less than 6.2 (3). Orskov(1994) reported that the cellulolytic bacteria growth was reduced at 
pH lower than 6.2 and was stopped at pH lower than 5.9. The lower effect of calcic clinoptilolite at 0 and 10 
hours after feeding could be due to high pH even without clinoptilolite. 
Table 6. The Logarithmic Mean of total rumen bacterial 
population 
Diet                      Time(hour) after morning meal 
0 3 6 10 
1 10.20±0.09 9.88±0.12 10.01±0.06 10.20±0.12
2 10.24±0.12 9.80±0.14 10.12±0.10 10.22±0.11
3 10.18±0.11 9.84±0.13 10.10±0.12 10.18±0.14
4 10.21±0.08 9.79±0.15 10.03±0.09 10.20±0.11
 
Table 7. The Logarithmic Mean of cellulolytic bacterial 
population 
diet                      Time(hour) after morning meal 
0 3 6 10 
1 8.36±0.08 7.70b±0.11 8.12b±0.08 8.01±0.07 
2 8.56±0.17 8.00a±0.10 8.37a±0.13 8.41±0.09 
3 8.39±0.11 7.68b±0.08 8.03b±0.10 8.06±0.13 
4 8.48±0.13 7.84b±0.12 8.27b±0.09 8.12±0.10 
Mean with the same letter are not significantly different
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